General Method
All reagents and starting materials were purchased from Aldrich or VWR and used without further purification. 4,4′,(5′)-Bis(2-cyanoethylthio)tetrathiafulvalene (1, 2) (3), cyclobis(paraquat-p-phenylene) tetrakis(hexafluorophosphate) (3) (CBPQT·4PF 6 ), 1,1′-[1,4-phenylenebis(methylene)]-bis(4,4′-bipyridinium) bis(hexafluorophospate) (4), 1,5- 
Chemical Synthesis
Scheme S1. Synthesis of compound pressure to afford the crude compound 2 as a yellow oil (1.03 g, 88%). The crude product was used directly for the next step. 
Analytical HPLC

Isothermal Titration Microcalorimetry
Isothermal titration microcalorimetry (ITC) binding isotherms for CBPQT 4+ with compound 5 (STTFS-TEG) and BHEEEEN (DNP-TEG) were recorded in MeCN at 298 K (Scheme S4, Fig. S2 ). The reported values in Table S1 are the mean results of multiple titrations, and errors are reported as a standard deviation from the mean. The results showed that in MeCN, the binding of CBPQT 4+ with DNP-TEG is stronger than CBPQT 4+ with STTFS-TEG. 
1 H NMR Spectroscopic Characterization
Since the 1 H NMR spectrum of 1•4PF 6 in CD 3 CN at room temperature reveals broad peaks because of the dynamic nature of the mechanically interlocked components, we recorded a 1 H NMR spectrum ( Fig. S4a) ring. The oxidation potential at +646 mV arises from the STTFS +·  STTFS 2+ process for both the translational isomers of 1•4PF 6 . These CV results are consistent with the existence of two translational isomers of 1•4PF 6 as indicated already by 1 H NMR spectroscopy ( Fig. S4 ) in CD 3 CN and UV/Vis spectroscopy (Fig. S6) . 
Kinetic Studies by 1 H NMR Spectroscopy
For kinetic studies, an NMR tube containing CD 3 COCD 3 was placed in a liquid nitrogen bath and a crystalline sample of the translational isomer 1R•4PF 6 was added onto the CD 3 COCD 3 solid. This tube was inserted into the probe of an NMR spectrometer (600 MHz), and cooled down to 190 K. After 1 h of equilibrating at 195 K, 1 H NMR spectra were recorded. The temperature was raised in 5 degree K increments every 20 minutes.
No 1 H resonance integral change was observed until the probe temperature reached 220 S16 K. At 220 K in CD 3 COCD 3 , 1R•4PF 6 started to decay slowly to an equilibrium mixture of the translational isomers 1R•4PF 6 and 1G•4PF 6 , and the rate was slow enough to be monitored ( where k is the reaction rate constant, K B is the Boltzman′s constant, h is the Planck′s constant, T is the absolute temperature and R is the gas constant.
Hence, the first order rate constant for the process 1R•4PF 6 1G•4PF 6 (k) was calculated to be 7.31 (± 0.97) ×10 -4 s -1 , indicating that the corresponding energy barrier for the circumrotation is 15.8 (± 0.05) kcal/mol at 220 K in CD 3 COCD 3 (Fig. S10 ). S17 Fig. S9 . Partial 1 H NMR spectra (600 MHz) of the translation isomer 1R•4PF 6 recorded in CD 3 COCD 3 at 220 K at different time (0 to 16.7 hours).
Fig. S10.
Fitting the population ratios of the translational isomer 1R•4PF 6 and the relaxation times to a first-order decay model. S18 For Z = 2 and F.W. = 1999.67, the calculated density is 1.538 g·cm 3 . Based on a statistical analysis of intensity distribution, and the successful solution and refinement of the structure, the space group was determined to be P1 . The data was collected at a temperature of 100 K with a theta range for the data collection of 1.56 to 30.57º. Data were collected in 0.5º oscillations with 15 second exposures. The crystal-to-detector distance was 60.00 mm.
X-Ray Analysis
Data Reduction:
Of the 30345 reflections which were collected, 12339 were unique (R int = 0.0000). Data were collected using APEX2 V2.1-4 (6) detector and processed using SAINTPLUS from Bruker. The linear absorption coefficient, mu, for MoK\a radiation is 0.343 mm 1 . A multiscan absorption correction was applied, TWINABS V2008/1 (6).
Minimum and maximum relative transmission factors were: 0.6556 to 1.0. The data were corrected for Lorentz and polarization effects.
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Structure Solution and Refinement:
The crystal under investigation was found to be non-merohedrally twinned. The orientation matrices for the two components were identified using the program CellNow (6), and the data were processed using both orientation matrices with SAINT, The exact twin matrix identified by the integration program was found to be: (1.000  0.330  0.065 /  0.003  0.999  0.002 / 0.006 0.004  1.001). The second domain is rotated from first domain by 179.8° about the reciprocal lattice a axis. The absorption correction was carried out using TWINABS (6) to create an HKLF5 file which was used in all refinements; the structure was solved using direct methods. The twin fraction refined to a value of 0.397 (1).
The structure was solved by direct methods and expanded using Fourier techniques (7).
The disordered fluorine and C18 atoms were refined with group anisotropic displacement parameters. The remaining non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in idealized positions but not refined. No hydrogen atoms were included for the two disordered MeCN molecules over four positions. The final cycle of full-matrix least-squares refinement (8) on F 2 was based on 30345 reflections and 1173 variable parameters and converged (largest parameter shift was 0.004 times its esd) with unweighted and weighted agreement factors of:
The weighting scheme was calculated from the equation. Neutral atom scattering factors were taken from Cromer and Waber (10). Anomalous dispersion effects were included in F calc (11) ; the values for F' and F" were those of Creagh and McAuley (12) . The values for the mass attenuation coefficients are those of Creagh and Hubbell (13) . All calculations were performed using the Bruker SHELXTL3 crystallographic software package. 
Data Collection for 1G•4PF
The weighting scheme was
The standard deviation of an observation of unit weight (9) was 1.062. Fig. S11 . A ball-and-stick representation of the solid-state crystal structures of 1R 4+ (a, c) and 1G 4+ (b, d), characterizing the molecular geometries (see Table S4 ). [a] The distances and angles indicated in the table are illustrated in Fig. S11. [b] The twist angle  is defined as the torsional angle about the central CC bond of the bipyridinium unit.
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[c] The bowing angle  is defined as the supplement of the angle subtended by the two N + CH 2 bonds attached to the bipyridinium ring system. S27 Fig. S12 . A stack plot of X-ray powder diffraction (XRD) spectra drawing attention to the common peaks among the set starting with the calculated spectra based on X-ray crystallographic data for 1R•4PF 6 (a) and 1G•4PF 6 (b) and their calculated 1:1 mixture (c)
 which suggests the presence of both translational isomers in the equilibrated uncrystallized product 1·4PF 6 as isolated from the reaction mixture, which was used to generate the experimental XRD spectrum (d). The calculated spectra was generated using Mercury crystallographic software at 1.5 Å with hydrogen atoms and a full width at half maximum (FWHM) value set at 0.3 2.
